is drained by the River Thames to the north, the Rivers Cray and Darent in the west 127 and the Rivers Ebbsfleet and Medway in the east. For further information about the 128 regional hydraulic gradient refer to Darling et al (2010) . 129
Characteristic of the Swanscombe area is an abundance of raw materials that are 130 utilised by the cement industry: chalk, clay and alluvial deposits are worked and 131 gravel extraction is also common. Several sub-water-table quarries have been 132 abandoned as the costs of dewatering have exceeded the rewards from quarrying. 133
Other quarries are reaching their maximum development depth and, when they close, 134 pumping will cease. Two quarries in particular form the focus of this study; the 135 Eastern Quarry, which is ceased operating in late 2007 and the Western Quarry, which 136 has now been developed into a shopping centre. 137
The pumping test involved two abstraction wells plus four abstraction boreholes and 138 thirty-one observation boreholes ( r is the radius from the centre of the abstraction borehole to the point where 177
In a layered system, the head values of Equation 1 are averaged over the layer 179 saturated thickness and the horizontal hydraulic conductivity is replaced by the 180 transmissivity of the layer. This does not apply at the uppermost layer if the 181 groundwater system is under unconfined conditions. Under these conditions an 182 additional numerical layer is created at the top of the uppermost layer of the model to 183 represent the presence of the water table (Fig. 3) . 184
The equation that describes the movement of the water table is discussed by Todsen 185 (1971) and Neuman (1972) and is given by: 186 Chalk and is less well developed, is also included as it may contribute to the total 256 water abstracted (Fig. 2b) . Aquifer permeability values obtained from the analysis of 257 the pumping test are related, therefore, to both the Chalk matrix and the fractures or 258 high conductivity zones within it. 259
The layered cylindrical grid model can address conceptual complexities related to the 260 representation of flow processes next to the abstraction borehole, the variation of 261 pumping rates, and the simultaneous pumping from more than one borehole. 262
However, the effects of the quarries on the pumping test results are not fully 263 understood. The quarries may cause an increase in drawdown because of the reduced 264 aquifer thickness in the zone where the aquifer is missing and through which 265 groundwater flows are converging towards the abstraction well. Conversely, it may 266 be also possible that the water held in the topographical depressions on the surface of 267 these quarries provides the system with a source of water which compensates the 268 effects of the missing part of the aquifer. These two conceptual representations of the 269 quarries are investigated by the numerical model. 270 271
Overview of the test results: preliminary assessment 272
The time-drawdown curve of the first abstraction phase at Site C ( While the casing of the Site C abstraction borehole has a diameter of 0.42 m, 315 geophysical well logging (Buckley 2003) indicates that this borehole is larger than its 316 nominal size in the open section. Accordingly, the well diameter used in the model is 317 increased to 0.6 m, which is the average diameter shown by the borehole logs. The 318 first part of the Chalk aquifer, which is in direct contact with the abstraction well, is 319 approximately 60 m thick at this position (Fig. 2b) . It is represented numerically by 320 four layers, the three uppermost layers are 10 m thick and the lower one is 30 m thick. 321
The narrow thicknesses of the first three layers allow the formation of the seepage 322 face at the abstraction borehole wall. The second, deeper Chalk layer, which is not in 323 contact with the abstraction borehole (Fig. 2b) , is approximately 108 m thick and 324 next to the abstraction and observation boreholes of interest (Fig. 2a) . In three-336 dimensional view the numerical model takes a form that is similar to the one shown in 337 (Fig. 2a) . 341 The parameters modified by PEST were: the horizontal and vertical hydraulic 359 conductivities, the specific yield and the specific storage, and the well loss factor. 360
The values of the hydraulic parameters optimised by PEST, as well as the estimated 361 95% confidence limits, are given in Table 1 connections between the nodes to either remove the volume represented by the 367 quarries completely, or by reducing the thickness of the first layer of the Chalk, but 368 assuming that the water stored within the quarry is significant and is available to be 369 drawn by the abstraction boreholes. Two additional runs were undertaken to 370 represent these conditions. In the first run the quarries were included in the model by 371 introducing internal impermeable boundaries along the quarry walls in the uppermost 372 numerical layer (numerical link (H) in Figure 3) . The nodes located within the quarry 373 area, however, remained connected to the nodes underneath them by the mean of the 374 vertical hydraulic conductivity (numerical links (V) in Figure 3 ). Simulated 375 drawdown values produced from this run did not show significant differences from 376 the results when the quarry is ignored, because the internal boundaries do not greatly 377 affect the results and the vertical hydraulic connection was enough to withdraw water 378 from the specific yield storage of the nodes located within the quarry area. In the 379 second run the vertical connections between the nodes located within the quarries and 380 the nodes underneath them were both disconnected (Fig. 3) . This run assumed that 381 the quarried Chalk was absent. The simulated drawdown values were influenced by 382 the disconnection of the nodes within the quarries, especially at the end of the 383 abstraction phases. These are the results presented in Figures 5 and 6 . 384 
